Background
==========

Bacteria can cause serious infection after solid-organ transplantation (SOT), with significant morbidity and mortality rates.[@b1-tcrm-11-1251]--[@b4-tcrm-11-1251] The overall infection rate of *Acinetobacter baumannii* infection among SOT recipients is 1.4%--6.1%, and the mortality rate ranges from 39% to 80%.[@b5-tcrm-11-1251]--[@b10-tcrm-11-1251]

*A. baumannii* is a non-lactose-fermenting Gram-negative bacilli widely distributed in nature. It is an increasingly resilient opportunistic pathogen in critically ill or immunocompromised patients, associated with soft-tissue infection, catheter-associated bacteremia, ventilator-associated pneumonia, urinary tract infection, and peritonitis.[@b11-tcrm-11-1251]--[@b13-tcrm-11-1251] *A. baumannii* is particularly problematic, due to its capacity of persisting in the hospital environment, including among health care workers, resulting in clonal outbreaks.[@b14-tcrm-11-1251]--[@b17-tcrm-11-1251]

Although SOT recipients are particularly susceptible to *A. baumannii* infection with high morbidity and mortality, little has been published regarding the impact and features of *A. baumannii* infections.[@b5-tcrm-11-1251],[@b6-tcrm-11-1251],[@b8-tcrm-11-1251],[@b12-tcrm-11-1251],[@b18-tcrm-11-1251] Herein, in the largest sample-size cohort study specifically focusing on *A. baumannii* infections in SOT recipients so far, our objective was to determine the epidemiology and risk factors for mortality.

Materials and methods
=====================

Ethics statement
----------------

The study protocol was approved by the Third Xiangya Hospital, Central South University and the Zhongnan Hospital, Wuhan University Medical Ethical Committee prior to patient identification and data collection.

Study population
----------------

This study was conducted at both the Third Xiangya Hospital, an 1,800-bed teaching hospital, affiliated with Central South University, Changsha, People's Republic of China (PRC), with an active abdominal SOT program (annual average of 30 liver and 150 kidney transplants) and Zhongnan Hospital, a 1,200-bed teaching hospital, affiliated with Wuhan University, Wuhan, PRC, with an active abdominal SOT program (annual average of 40 liver and 100 kidney transplants). The medical records of SOT recipients with symptomatic *A. baumannii* infection occurring between January 1, 2003 and January 1, 2015 at both hospitals were retrospectively reviewed. Maintenance immunosuppression was based on calcineurin inhibitors (cyclosporine or tacrolimus) and corticosteroids, with or without mycophenolate mofetil/azathioprine.

Study design and data collection
--------------------------------

We performed a retrospective study to investigate the epidemiology of pathogens and risk factors for overall in-hospital mortality and infection-related 30-day mortality in SOT recipients with *A. baumannii* infection. Demographic and clinical characteristics included age, sex, induction immunosuppressives, body temperature at the onset of infection, site and date of diagnosis of *A. baumannii* infection, nosocomial origin of infection, empirical antimicrobial therapy, acute rejection, reoperation, multidrug-resistant (MDR) *A. baumannii*, intensive care unit (ICU) stay, mechanical ventilation, and septic shock, and the laboratory records of these recipients were analyzed. The laboratory variables were collected within the first 24 hours after the culture was drawn, including serum creatinine and albumin levels and white blood cell, platelet, and lymphocyte counts. All episodes of *A. baumannii* infection were reviewed, and only the first episode was included for further statistical analyses. The follow-up time of all recipients was at least 1 month after the onset of *A. baumannii* infection.

Definitions
-----------

The presence of infection, including bacteremia, pneumonia, peritonitis, pleuritis, vascular catheter and urinary tract infection, was defined based on the criteria suggested by the US Centers for Disease Control and Prevention.[@b19-tcrm-11-1251] Appropriate antimicrobial therapy was defined as use of a drug to which the isolated pathogen was susceptible in vitro within 48 hours of sampling for culture.[@b20-tcrm-11-1251] Infection was considered to be nosocomially acquired in patients who had been hospitalized for 48 hours or longer. Infection was categorized as early onset if it occurred 2 months (60 days) or less after SOT, or late onset if it occurred \>2 months after SOT.[@b21-tcrm-11-1251] MDR *A. baumannii* was defined as acquired nonsusceptibility to at least one agent in three or more antimicrobial categories, which included aminoglycosides, carbapenems, extended-spectrum cephalosporins, fluoroquinolones, antipseudomonal penicillins + β-lactamase inhibitors, ampicillin--sulbactam, trimethoprim--sulfamethoxazole, tetracyclines, and polymyxins.[@b22-tcrm-11-1251] Septic shock was diagnosed in recipients who had a positive culture and developed persistent dysfunction of at least one organ caused by hypoperfusion that was unresponsive to intravenous fluid challenge and unexplained by other causes.[@b23-tcrm-11-1251] Mortality was regarded as related to infection when death was associated with clinical signs of active *A. baumannii* infection without evidence of any other cause.[@b24-tcrm-11-1251]

Statistical analysis
--------------------

Continuous variables are expressed as medians ± standard deviation. The *χ*^2^ and Fisher exact tests were used to analyze categorical variables. Overall in-hospital mortality rates and infection-related 30-day mortality rates were calculated, respectively. Univariate analysis was applied to examine the association between demographic/clinical variables and overall in-hospital/infection-related mortality. We included variables identified (*P*\<0.10) by univariate analyses. Odds ratios (ORs) with 95% confidence interval (CIs) were calculated. Statistical analyses were performed using SPSS for Windows, version 22.0 (IBM Corporation, Armonk, NY, USA). Statistical significance was defined as *P*\<0.05 (two-tailed).

Results
=======

During the 12-year study period, 1,502 SOT recipients -- 1,305 kidney, 189 liver, three heart, four simultaneous liver--kidney, and one simultaneous kidney--pancreas recipients -- in the Third Xiangya Hospital and 319 SOT recipients -- 239 kidney, 78 liver, and two simultaneous liver-kidney recipients -- in Zhongnan Hospital were enrolled.

A total of 93 episodes of *A. baumannii* infection occurred in 71 SOT recipients: 48 were kidney-transplant recipients (67.6%), 21 liver recipients (29.6%), and two simultaneous liver--kidney recipients (2.8%) ([Table 1](#t1-tcrm-11-1251){ref-type="table"}). The incidence rate of *A. baumannii* infection in SOT recipients was 3.9% (71 of 1,821), with the rate of 3.1% in kidney recipients and 8.4% in liver or simultaneous liver--kidney recipients. High-dose steroids (≥750 mg) were used in eight (11.3%) recipients for acute rejection before *A. baumannii* infection. Tacrolimus and cyclosporine A were used in 62 (87.3%) and eight (11.3%) recipients, respectively. The remaining patient did not use any calcineurin inhibitors between liver transplantation and the onset of *A. baumannii* infection, due to a severe clinical condition. Among these 93 episodes of *A. baumannii* infection, the presumed sources of infection were the bloodstream (n=35, 37.6%), lung (n=33, 35.5%), urinary tract (n=16, 17.2%), intra-abdomen/biliary tract (n=6, 6.5%), thoracic cavity (n=2, 2.2%), and catheter (n=1, 1.1%). The median time to onset of *A. baumannii* infection after SOT transplantation was 38 days (interquartile range 8--111 days), and 61.3% (57 of 93) occurred as early onset.

The mean age for SOT recipients with *A. baumannii* infections was 44.5 years (44.5±11.9 years), among which 53 (74.6%) were male. Ninety percent of recipients had nosocomial origin *A. baumannii* infection. Seventeen patients (23.9%) had a body temperature of 39°C or higher at the onset of *A. baumannii* infection. The most common cases were recipients with *A. baumannii* bacteremias (23 cases, 32.4%), pneumonia (20 cases, 28.2%), and multiple culture-positive site infections (16 cases, 22.5%). Seventy-six percent (71 of 93) of *A. baumannii* were carbapenem-resistant. As far as the number of infected patients with carbapenem-resistant strains was concerned, 40 (56.3%) had carbapenem-resistant strains involved. Fifty-three recipients (74.6%) developed MDR *A. baumannii* infection. Forty-one patients (57.7%) received inappropriate antibiotic treatment. Forty-one patients (57.7%) had *A. baumannii* infection within the first 2 months after SOT. At the onset of *A. baumannii* infection, 71.8% and 46.5% of cases needed ICU stay and mechanical ventilation support, respectively. SOT recipients with late-onset *A. baumannii* infection needed more frequent ICU stays (24 of 30 \[80.0%\] vs 27 of 41 \[65.8%\]) and mechanical ventilation support (21 of 30 \[70.0%\] vs 10 of 41 \[24.4%\]) than those with early onset infection. Septic shock developed in 23.9% (17 of 71) of all recipients with *A. baumannii* infection and in 37.1% (13 of 35) of all recipients with *A. baumannii* bacteremias. Infection was associated with high overall in-hospital mortality (53.5%) and infection-related 30-day mortality (40.8%). Forty-one, 22, 24, and 23 recipients had a serum creatinine level \>1.5 mg/dL, white blood cell count \>15,000/mm^3^, platelet count \>50,000/mm^3^, and lymphocyte count \<300/mm^3^, respectively. The basic demographic, laboratory, and clinical characteristics of all SOT recipients with *A. baumannii* infection are shown in [Table 1](#t1-tcrm-11-1251){ref-type="table"}.

[Tables 2](#t2-tcrm-11-1251){ref-type="table"} and [3](#t3-tcrm-11-1251){ref-type="table"} present the risk factors for overall in-hospital and infection-related mortality, respectively. In univariate analysis, liver or simultaneous liver--kidney transplantation (*P*=0.02), ICU stay (*P*\<0.001), mechanical ventilation (*P*\<0.001), septic shock (*P*=0.004), albumin level \<30 g/L (*P*=0.036), and platelet count \<50,000/mm^3^ (*P*=0.001) were more likely to develop overall in-hospital mortality. In multivariate logistic regression analysis of these data, mechanical ventilation at onset of *A. baumannii* infection (OR 6.29, 95% CI 1.48--26.85; *P*=0.013), liver or simultaneous liver--kidney transplantation (OR 15.33, 95% CI 1.82--129.18; *P*=0.012), and late-onset *A. baumannii* infection (OR 7.61, 95% CI 1.07--54.36; *P*=0.043) were all associated with a greater risk of overall in-hospital mortality. In univariate analysis, the following variables were significantly associated with infection-related 30-day mortality: temperature ≥39°C (*P*=0.026), late-onset *A. baumannii* infection (*P*=0.022), ICU stay (*P*=0.003), mechanical ventilation (*P*\<0.001), septic shock (*P*\<0.001), creatinine level \>1.5 mg/dL (*P*=0.041), and platelet count \<50,000/mm^3^ (*P*=0.002). In multivariate analysis, platelet count \<50,000/mm^3^ (OR 12.76, 95% CI 1.28--126.81; *P*=0.030) and mechanical ventilation at onset of *A. baumannii* infection (OR 189.98, 95% CI 13.23--2,728.81; *P*\<0.001) were significantly related to a higher risk of 30-day mortality associated with *A. baumannii* infection.

Discussion
==========

Invasive bacterial infections have become a leading contributor to patient morbidity and mortality among SOT recipients.[@b25-tcrm-11-1251] *A. baumannii* is an increasing problem among SOT recipients. Not only is *A. baumannii* environmentally resilient but this pathogen can also readily develop antibiotic resistance. van Delden et al reported that the prevalence of MDR *Acinetobacter* is increasing, and is related to higher rates of treatment failure in SOT recipients.[@b26-tcrm-11-1251]

The incidence rate of *A. baumannii* infection in SOT recipients was 3.9% (71 of 1,821), with rates of 3.1% in kidney recipients and 8.4% in liver or simultaneous liver--kidney recipients, in our present study. Although in more transplant centers, including ours, higher-immunosuppression regimens are used in kidney-transplant recipients, the incidence rate of *A. baumannii* infection in liver or simultaneous liver--kidney recipients was higher than that in kidney recipients, because patients undergoing liver or simultaneous liver--kidney transplantation had several conditions that favor postoperative *A. baumannii* infection, such as preoperative malnutrition due to end-stage liver disease, insulin resistance, major surgical trauma, massive intraoperative bleeding and transfusions, the placement of various catheters, and long duration of antibiotic use before and after transplantation, which could enhance the likelihood of emergence of *A. baumannii*.

Ninety percent of recipients had *A. baumannii* infection with nosocomial origin in our present study, in alignment with previous studies[@b5-tcrm-11-1251],[@b15-tcrm-11-1251] reporting *A. baumannii* to be almost exclusively a nosocomial pathogen. We found that 74.6% of recipients developed MDR *A. baumannii* infection, and the incidence rate of MDR *A. baumannii* was higher than that of MDR *A. baumannii* reported by Kusne et al (64%).[@b4-tcrm-11-1251] The possible reasons to explain this included MDR being defined as resistance to three or more major classes of antibiotics historically effective against *A. baumannii* (fluoroquinolones, carbapenems, aminoglycosides, penicillins, and cephalosporins) in the study conducted by Kusne et al whereas in our present study, MDR was defined as acquired nonsusceptibility to at least one agent in three or more antimicrobial categories, which included nine classes of antibiotics.

Our present study showed that *A. baumannii* infection was associated with high morbidity (3.9%), as well as high overall in-hospital mortality (53.5%) and infection-related 30-day mortality (40.8%), in line with previous studies that reported an incidence rate of up to 6.1% and an extremely high mortality rate of up to 80% among SOT recipients with *A. baumannii* infection.[@b5-tcrm-11-1251]--[@b10-tcrm-11-1251]

Mechanical ventilation associated with both overall in-hospital mortality and infection-related 30-day mortality were in agreement with a recent study claiming that the risk of *A. baumannii* infection-associated mortality was higher in SOT patients on mechanical ventilation.[@b7-tcrm-11-1251] Mechanical ventilation support is associated with both overall in-hospital mortality and infection-related 30-day mortality because it probably surrogates markers of clinical severity.[@b7-tcrm-11-1251] We also found that late-onset *A. baumannii* infection was an associated risk factor with overall in-hospital mortality. The association partly reflects the effect of clinical severity on outcomes, given SOT recipients with late-onset *A. baumannii* infection needed more frequent ICU stay (80% vs 66%) and ventilator dependence (70% vs 24%) when compared with recipients with early onset infection.

We revealed that liver or liver--kidney transplantation was significantly related to overall mortality, in accordance with Moreno et al who found liver transplantation to be a risk factor for higher mortality in transplant recipients with bloodstream infections.[@b27-tcrm-11-1251] We also revealed that thrombocytopenia was a risk factor associated with infection-related mortality. This finding probably reflects a confounding factor, as thrombocytopenia developed more frequently among liver recipients who presented with higher baseline clinical severity. Our findings consolidated results from previous studies of SOT recipients, which reported that lower platelet count to be associated with infection-related mortality.[@b24-tcrm-11-1251],[@b28-tcrm-11-1251],[@b29-tcrm-11-1251]

To the best of our knowledge, this is the largest study specifically focusing on *A. baumannii* infections to investigate the epidemiology, distribution, and risk factors for overall in-hospital and infection-related 30-day mortality in SOT recipients. However, the present study has certain limitations. Firstly, our study was a small retrospective chart review with potential limitations, such as data limited to existing medical records. Secondly, for the relatively small number of cases and deaths, the statistical power may be insufficient. Thirdly, we may have underestimated the true rates of *A. baumannii* infections in SOT recipients, given that 1) cases of *A. baumannii* infections outside our institution were not identified, and 2) some cases received empiric courses of antimicrobial therapy before specimens for bacterial culture were obtained. Finally, though we tried to include all relevant data, other unidentified variables are probably risk factors for mortality. The strength of our study is the long study period covering two centers in two different cities in the PRC. However, given the retrospective data collection and risk for bias, all reported findings should be interpreted with care.

Conclusion and recommendation
=============================

High morbidity and high unfavorable outcomes in SOT recipients with infections due to *A. baumannii* were observed. This study confirmed that the risk factors significantly associated with increased mortality in SOT recipients with *A. baumannii* infection were mechanical ventilation, liver or liver--kidney transplantation, thrombocytopenia, and late-onset infection. Therefore, the clinical and laboratory factors noted in the present study could be useful for clinicians to identify SOT recipients with *A. baumannii* infection who are at high risk for mortality.
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###### 

Demographic, laboratory, and clinical variables of 71 SOT patients with *Acinetobacter baumannii* infection

  Characteristics                                            Value
  ---------------------------------------------------------- -----------
  Age, mean years ± SD                                       44.5±11.9
  Male sex, n (%)                                            53 (74.6)
  Temperature 39°C or greater, n (%)                         17 (23.9)
  Nosocomial origin, n (%)                                   64 (90.1)
  Inappropriate antimicrobial use, n (%)                     41 (57.7)
  Induction therapy, n (%)                                   19 (26.8)
  Acute rejection prior to infection, n (%)                  13 (18.3)
  High-dose steroids for rejection before infection, n (%)   8 (11.3)
  Reoperation, n (%)                                         7 (9.9)
  Carbapenem-resistant *A. baumannii*, n (%)                 40 (56.3)
  MDR *A. baumannii*, n (%)                                  53 (74.6)
  ICU stay, n (%)                                            51 (71.8)
  Mechanical ventilation, n (%)                              33 (46.5)
  Septic shock, n (%)                                        17 (23.9)
  Type of transplantation, n (%)                             
   Kidney                                                    48 (67.6)
   Liver                                                     21 (29.6)
   Liver--kidney                                             2 (2.8)
  Site of infection, n (%)                                   
   Bloodstream                                               23 (32.4)
   Lung                                                      20 (28.2)
   Intra-abdomen/biliary tract                               8 (11.3)
   Urinary tract                                             3 (4.2)
   Vascular catheter                                         1 (1.4)
   Multiple culture-positive sites                           16 (22.5)
  Patient immunosuppressant treatment, n (%)                 
   Tacrolimus                                                62 (87.3)
   Cyclosporine A                                            8 (11.3)
  Time of infection onset, n (%)                             
   \<2 months posttransplant (early onset)                   41 (57.7)
   ≥2 months posttransplant (late onset)                     30 (42.3)
  Laboratory variables from blood, n (%)                     
   Platelet count \<50,000/mm^3^                             24 (33.8)
   Lymphocyte count \<300/mm^3^                              23 (32.4)
   Albumin \<30 g/L                                          12 (16.9)
   WBC count \>15,000/mm^3^                                  22 (31.0)
   Creatinine \>1.5 mg/dL                                    41 (57.7)
  Related mortality, n (%)                                   29 (40.8)
  Overall in-hospital mortality, n (%)                       38 (53.5)

**Abbreviations:** SOT, solid-organ transplantation; SD, standard deviation; MDR, multidrug-resistant; ICU, intensive care unit; WBC, white blood cell.

###### 

Risk factors for overall in-hospital mortality in SOT recipients with *Acinetobacter baumannii* infection

  Characteristics                      Overall mortality   Survival    *P*-value   OR (95% CI)
  ------------------------------------ ------------------- ----------- ----------- ----------------------
  Total, n (%)                         38 (53.5)           33 (46.5)               
  Univariate analysis, n (%)                                                       
   Age ≥40 years                       27 (71.1)           22 (66.7)   0.690       1.23 (0.45--3.36)
   Male sex                            26 (68.4)           27 (81.8)   0.200       0.48 (0.16--1.47)
   Temperature ≥39°C                   12 (31.6)           5 (15.2)    0.112       2.59 (0.80--8.34)
   Inappropriate antibiotics           19 (50.0)           22 (66.7)   0.159       0.50 (0.19--1.31)
   Nosocomial infection                35 (92.1)           29 (87.9)   0.554       1.61 (0.33--7.78)
   Liver or liver--kidney transplant   17 (44.7)           6 (18.2)    0.020       3.64 (1.22--10.85)
   Multiple culture-positive sites     11 (28.9)           5 (15.2)    0.171       2.28 (0.70--7.44)
   Late-onset infection                20 (52.6)           10 (30.3)   0.060       2.56 (0.96--6.80)
   Acute rejection                     6 (15.8)            7 (21.2)    0.557       0.70 (0.21--2.33)
   Induction therapy                   8 (21.1)            11 (33.3)   0.531       0.71 (0.25--2.05)
   Reoperation                         5 (13.2)            2 (6.1)     0.328       2.35 (0.42--13.01)
   MDR *A. baumannii*                  29 (76.3)           24 (72.7)   0.729       1.21 (0.41--3.53)
   ICU stay                            35 (92.1)           16 (48.5)   \<0.001     12.40 (3.17--48.42)
   Mechanical ventilation              27 (71.1)           6 (18.2)    \<0.001     11.04 (3.57--34.15)
   Septic shock                        15 (39.5)           2 (6.1)     0.004       10.11 (2.10--48.63)
   Platelet count \<50,000/mm^3^       20 (52.6)           4 (12.1)    0.001       8.06 (2.37--27.40)
   Lymphocyte count \<300/mm^3^        16 (42.1)           7 (21.2)    0.065       2.70 (0.94--7.75)
   Albumin \<30 g/L                    10 (26.3)           2 (6.1)     0.036       5.54 (1.12--27.47)
   WBC count ≥15,000/mm^3^             10 (26.3)           12 (36.4)   0.690       0.82 (0.30--2.23)
   Creatinine ≥1.5 mg/dL               26 (68.4)           15 (45.5)   0.053       2.60 (0.99--6.85)
  Multivariate analysis                                                            
   Liver or liver--kidney transplant                                   0.012       15.33 (1.82--129.18)
   Late-onset infection                                                0.043       7.61 (1.07--54.36)
   Mechanical ventilation                                              0.013       6.29 (1.48--26.85)

**Abbreviations:** SOT, solid-organ transplantation; OR, odds ratio; CI, confidence interval; MDR, multidrug-resistant; ICU, intensive care unit; WBC, white blood cell.

###### 

Risk factors for infection-related mortality in SOT recipients with *Acinetobacter baumannii* infection

  Characteristics                      Related mortality   Survival    *P*-value   OR (95% CI)
  ------------------------------------ ------------------- ----------- ----------- --------------------------
  Total, n (%)                         29 (40.8)           42 (59.2)               
  Univariate analysis, n (%)                                                       
   Age ≥40 years                       20 (69.0)           29 (69.0)   0.994       0.99 (0.36--2.77)
   Male sex                            21 (72.4)           32 (76.2)   0.363       0.61 (0.21--1.78)
   Temperature ≥39°C                   11 (37.9)           6 (14.3)    0.026       3.67 (1.17--11.52)
   Inappropriate antibiotics           15 (51.7)           26 (61.9)   0.394       0.66 (0.25--1.72)
   Nosocomial infection                28 (96.6)           36 (87.9)   0.165       4.67 (0.53--41.03)
   Liver or liver--kidney transplant   10 (34.5)           13 (31.0)   0.755       1.17 (0.43--3.21)
   Multiple culture-positive sites     9 (31.0)            7 (16.7)    0.160       2.25 (0.73--6.97)
   Late-onset infection                17 (58.6)           13 (31.0)   0.022       3.16 (1.18--8.48)
   Acute rejection                     6 (20.7)            7 (16.7)    0.667       1.30 (0.39--4.38)
   Induction therapy                   8 (27.6)            11 (26.2)   0.896       1.07 (0.37--3.12)
   Reoperation                         3 (10.3)            4 (9.5)     0.909       1.10 (0.23--5.31)
   MDR *A. baumannii*                  24 (82.8)           29 (69.0)   0.197       2.15 (0.67--6.90)
   ICU stay                            28 (96.6)           23 (54.8)   0.003       23.13 (2.88--186.10)
   Mechanical ventilation              26 (89.7)           7 (16.7)    \<0.001     43.33 (10.22--183.73)
   Septic shock                        14 (48.3)           3 (7.1)     \<0.001     12.13 (3.05--48.32)
   Platelet count \<50,000/mm^3^       16 (55.2)           8 (19.0)    0.002       5.23 (1.81--15.14)
   Lymphocyte count \<300/mm^3^        13 (44.8)           10 (23.8)   0.066       2.60 (0.94--7.21)
   Albumin \<30 g/L                    8 (27.6)            4 (9.5)     0.055       3.62 (0.97--13.46)
   WBC count \>15,000/mm^3^            9 (31.0)            13 (31.0)   0.994       1.00 (0.36--2.79)
   Creatinine \>1.5 mg/dL              21 (72.4)           20 (47.6)   0.041       2.89 (1.05--7.97)
  Multivariate analysis                                                            
   Mechanical ventilation                                              ,0.001      189.98 (13.23--2,728.81)
   Platelet count \<50,000/mm^3^                                       0.030       12.76 (1.28--126.81)

**Abbreviations:** SOT, solid-organ transplantation; OR, odds ratio; CI, confidence interval; MDR, multidrug-resistant; ICU, intensive care unit; WBC, white blood cell.
